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Abstract. Vasculogenic mimicry, as previously described in aggressive melanoma, is 
characterized by the novo generation of intratumoural patterned vascular channels, providing 
additional microcirculation, in support to the classic tumoural angiogenesis. 
In this work we investigated the immunohistochemical expression endothelial marker, CD31, 
in tumour tissues of 5 dog cutaneous melanomas and 2 dog cutaneous melanocytomas as possible 
evidence of vasculogenic mimicry. In addition we investigated the relationship between CD31 
expression and mitotic activity. 
For the investigated cases, 6 were positive (1 melanocytoma, 5 melanomas), and 1 case was 
negative (melanocytoma), in melanoma cases, a positive correlation between mitotic index figures and 
microvessel density in high field power (3 cases) was found. In melanomas was also found a high 
percentage of vessels/total area mainly in tumours with low of mitotic index figures (4 cases). High 
microvessel density was found also in one melanocytoma. 
In conclusion, CD31 immunoreactivity generally increase related to high number of mitotic 
index figures (3 cases). In melanomas high percentage of vessels/total area with low of mitotic index 
figures (4 cases) was found. 
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INTRODUCTION 
 
Angiogenesis is a complex multistep process characterized by the formation of new 
capillaries from the preexisting vascular network. In neoplasms, it is essential for tumor 
growth and metastasis (Blood et al., 1990). 
Endothelial cells proliferate 30–40-fold faster in tumor blood vessels than in the 
vasculature of normal tissues (Hobson et al., 1984). Furthermore, several studies have 
demonstrated a significant correlation between marked angiogenesis, evidenced by a high 
microvessel density (number of microvessels per square millimeter), metastasis, and poor 
prognosis in several human tumor types, including breast, (Fox et al.,1993)  prostate, 
(Weidner et al.,1993) and non-small cell lung carcinomas, (Giatromanolaki et al.,1996), 
cutaneous melanomas, (Srivastava et al.,1988) and testicular germ cell tumors (Olivarez et 
al.,1996). Therefore, the angiogenic characteristic of a neoplasm is considered a powerful 
prognostic tool in human medicine (Pazouki et al.,1997, Wiedner et al.,1993). On the other 
hand, angiogenesis and its relation to biologic behavior of neoplasms are still poorly 
understood in veterinary oncology.  
Unfortunately, the methods for measuring angiogenesis still represent a problem. The 
method suggested by Weidner et al., (1991) in which the microvessel density was assessed by 
counting the immunolabeled vessels only in the most vascularized areas of neoplasm, has 
given conflicting results. Recently, new methods of tumor angiogenesis measurement using 
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computerized image analysis, which allow us to evaluate not only the number of microvessels 
but also other vascular parameters, such as area and perimeter, have been proposed (Charpin 
et al.,1995).  
The aim of the study is to use computerized image analysis to measure angiogenesis in 
a series of canine melanocytic tumors to assess the microvessel density and, in addition, the 
area and perimeter of each vessel, and to correlate these parameters with differentiation grade 
and histological type of neoplasia. 
 
MATERIALS AND METHODS 
 
●The material of our investigation constituted of cadavers from the discipline of 
Pathology and Necropsy diagnostic, and also the samples sent from the surgery clinic and 
private practitioners, for diagnostic purpose. From all cadavers and samples examined 
between 2005 – 2008, 7 cases were diagnosed with 5 dog cutaneous melanomas and 2 
melanocytomas. 
●The samples were formalin fixed, then tissue sections were stained with hematoxylin 
and eosin for histology study. 
●For immunohistochemistry (IHC), tissue sections of tested samples were stained for 
CD31 (monoclonal Mouse Anti-Human CD31 Clone JC70A, Dako Denmark A/S) and 
developed with the diaminobenzidine (DAB) chromogen. 
●Intratumoural microvessel density was assessed randomly by choosing 
immunolabeled vessels on a 400x field (40x objective and 10x ocular) and using an automated 
image analysis system (Olympus cell B). Five  fields per tumor were examined.  
Images were captured by using a microscope (Olympus BX51) connected to a video 
camera (Olympus DP25), stored in the digital memory, and shown on the monitor. Manual 
outlining of intratumoural microvessels was performed; areas, perimeters, and number of 
vessels per high-power field were then calculated based on image analysis. Every 
immunolabeled endothelial cell separate from adjacent microvessels tumor cells, and all the 
vessels in the stroma outside tumors were considered as normal controls.  
 
RESULTS AND DISCUSSIONS 
 
In the period 2005 – 2008 in the Pathology Department, 5 dog with cutaneous 
melanoma and 2 dog cutaneous melanocytoma were diagnosed histological and with CD31 
immunoreaction (Tab. 1) 
Tab. 1 
Results of dog cutaneous melanotic tumors (histological, CD31 immunoreaction) 
 
 Number 78755 78813 78969 79519 80974 81084 81101 
Date 21.06.05 19.07.05 24.10.05 07.06.06 07.0 
8.08 
15.11.08  28.10.08 
Breed Giant 
Schnauzer 
boxer boxer Metis German 
Shorthai
red 
Pointer 
Giant 
schnauzer  
cocker 
spaniel 
M/F… 
age 
M 8 years F 10 yeas F 12 years F 6 years F 5 
years 
M 9 years M 10 years 
Region left 
hypochon
drium 
hock left hunch 
region, 
intern face 
Submandib
ular 
Subman
dibular 
Neck in 
dorsal face 
Inguinal 
HIST
O-
LOG
Y 
Diagnosti Dermo- Dermo- melanoma amelanotic Weak Hyperplasia melanotic 
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c epidermic 
melanoma 
epdermic 
melanoc
ytoma 
melanoma  melange
n 
melano
ma 
melanocytes 
(lentigo) 
benign  
dermal and 
hypoderma
l melanoma 
Cells 
microscop
ic type 
Mixed 
spindle 
cell  
Spindle 
cells 
Epithelioid 
cell 
Mixed 
epithelioid 
and spindle 
Mixed 
spindle 
and 
epithioi
d cells 
Spindle cells Epithelioid 
Nr of 
mitotic  
Superchar
ge of 
melanin 
(neclair)  
1 12 41 53 No 3 
Lymphoc
ytes 
infiltrated 
 
moderate no intense Intense few No Intense 
Necrosis  few no Extended Extended few No Extended 
Connectiv
e activity 
Yes Yes No No NO YES NO 
 
Clark's 
Clasificati
on 
4 - 4 4 4 - 5 
Nr of 
vessels 
- 11.6 6.66 3.33 6 - 3.66 
Total area - 36217.34 36180.82 36221.03 36185.0
1 
- 36219.78 
Average 
of 
perimeter 
- 58.72 72.28 86.95 56.70 - 113.53 
Average 
of vessel 
area  
- 155.55 173.49 248.48 94.52 - 260.74 
Sum of 
total 
vessel aria 
/field 
- 1804.43 1156.59 496.95 567.14 - 956.03 
Sum of 
total 
vessel 
perimeter 
/ field 
- 681.14 481.89 191.29 340.22 - 416.28 
CD31 
Percentag
e of vessel 
area / total 
area 
- 4.982 % 3.196 % 1.371 % 1.567 % - 2.639 % 
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Fig. 1, Melanocytoma immunoreactivety with CD31 that stained  
a lot of vessels in high-power  
Field, arrows indicates to label endothelial vessels with CD31(400x). 
 
   
 
Fig. 2, CD31 immunoreactivity with melanoma that stained a lot of endothelial vessels 
arrows indicate to endothelial microvessels (400x). 
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Fig. 3: CD31immunorecativity melanoma with single vessel contain erythrocytes,  
arrow indicates to this vessel (400x) 
 
 
Fig. 4, CD31 immunoreactivity with supercharge pigment melanoma, arrows  
indicate of label endothelial microvessels with CD31 (400x). 
 
●6 cases were positive (1 melanocytoma, 5 melanoma) and 1 case was negative 
(melanocytoma) 
●3 cases revealed high and medium microvessel density and 2 cases shown low microvessel 
density . 
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● High microvessel density in high-power field and high percentage of vessels/total area were 
found in melanocytoma case (78813), (Fig.1) but in other melanocytoma case was negative 
for CD31. 
● In melanomas we found high percentage of vessels/total area with low of mitotic index 
figures cases (78969-81101), (Fig. 2). 
●Low percentage of vessels/total area with high mitotic index figures case was found (79519-
80974) (Fig. 3). 
●Positive correlation between mitotic index figures and microvessel density in high field 
power was found (Sevastre et al 2007) as: 
Cases (81101) has low mitotic index figures with low microvessel density . 
Cases (78969- 81084) had high mitotic index figures with high microvessel density. 
But case (79519) has high mitotic index figures with low microvessel density . 
●One case of melanoma (78755) was positive but we were not able to calculate CD31 
because it was highly melanotic (Fig. 4). 
 
 
CONCLUSIONS 
 
1. In the interval 2005 – 2008 seven dogs were diagnosed with cutaneous melanocytic 
tumours. 
2. The affected dogs were between 5 and 10 years old. 
3. 6 cases were CD31 positive (1 melanocytoma, 5 melanoma) and 1 case was negative 
(melanocytoma). 
4. CD31 immunoreactivity in melanoma cases generally related to high mitotic index 
figures (3 cases). 
5. In melanomas high percentage of vessels/total area with low mitotic index figures was 
found (4 cases). 
6. One melanocytoma shown high microvessel density. 
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